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INTRODUCTION.
The main object of this work is to de­
termine the chemical composition of teeth of 
good structure and of varying degrees of 
hypoplasia, in order that the question of the 
relationship between chemical composition and 
hypoplasia may be considered. The term
hypoplasia is here used in the sense intended 
by Mellanby (1923-34), who has already establish­
ed a relation between the histological structure 
and the hypoplasia exhibited, with the suscepti­
bility to dental caries.
The chemical composition of teeth appears to 
have aroused little interest until the end of the 
nineteenth century, when analyses were made by 
Berzelius, followed by Hoppe-Seyler, Von Bibra and 
others. These workers all agree that calcium and 
phosphorus are the main constituents of teeth and 
bone, but apart from this their analyses differ
(2 )
considerably.
The greater part of the work since 
1900 has been concentrated on two problems, - 
the nature of the calcium compound and the 
amount of organic substance present. The 
general opinion was that the calcium occurred 
chiefly in combination with the phosphorus.
As early as 1862, Hoppe-Seyler noticed that 
the calcium and phosphorus ratio in bones and 
teeth corresponded very nearly with that for 
apatite. He was so struck by this resemblance 
of bone to the mineral phosphate that he suggested 
the following as the molecular constitution of 
the bone : -
ro,
Po,
Fo^
Pc.
(3)
Gabriel from his ovin analyses oonoluded
corv5is/*</
that the bone snbstance\of a complex salt v/ith 
the empirical formula Gag (10^) g Gag El g Opg Eg 0 
with 2,2)^0 calcium replaced by magnesium, potassium 
or sodium and 4-6^ of the phosphate by carbonate, 
chloride or fluoride. He also carried out the 
most complete analysis of the inorganic consti­
tuents of teeth that had been made up to that 
date and his figures are those most generally 
quoted. (Table I). Basset in 1917, using physico­
chemical methods concluded that the bone compound 
was a hydroxyapatite mixed with calcium carbonate, 
and that the small amounts of other salts present 
were carried down by absorption.
Further investigations into the nature of 
the calcium compound have been made by Gassmann, 
who is of the opinion that the calcium occurs as 
a form of carbonate apatite and prepared artifi­
cially a compound of the same composition. Later
(4)
TABLE I.
GABRIEL 1894.
Human Bone Ox Bone Ox Teeth
0/0
CaO 51.31 51.28 50.76
MgO .77 1.05 1.52
KgO .32 .18 .20
NagO 1.04 1.09 1.16
V/ater of 
Crystall­
isation,
2.46 2.33 2.21
l'gOs 36.65 37.46 38.88
C02 5.86 5.06 4.09
Clg .01 .04 .05
v/ater of 
Constitu­
tion
1.32 1.37 1.27
Total 99,74 99.86 100.14
(5)
in a paper published in 1921, he draws attention 
to the fact that the Ca: PO4 : COg ratio in bones 
and teeth is remarkably constant, Viz, lOGa:
6 PO4 : 1 GOg; corresponding to the ratio re­
quired for carbonate apatite. In wisdom teeth, 
however, he found there was an excess of calcium 
and carbonate over and above that required for 
this ratio, the excess being in the ratio 4 Ca:
1 COg. In the same paper he puts forward a 
theory concerning the formation of the calcium 
compound in teeth, based on the co-ordination 
hypothesis of Werner. He postulates that the 
first substance to be deposited is a trihydroxy 
calcium compound, which he terms the Hexol Salt.
Ho
3
This he considers to be formed by the replacement 
of three molecules of water in Ca Xg, 6 H^O, by 
three Ca (OH)g groups.
XX
ho
CO,
In the process of calcification the 
hydrpgen of the hydroxy groups is replaced by 
CaPOg.
( 6 )
Po,(kr / 1
CxCa > c .  
\  -
Cn \ Co.
3. / 3
CO:
Hexol salt.
i.e. ^^ag (PO^)2•CaCOg. 
Carbonate apatite.
In wisdom teeth the excess of calcium and 
carbonate is accounted for by the incomplete trans­
formation of the hexol salt into carbonate apatite. 
Since the former is much less stable than the 
latter, Gassmann affirms that it is this compound 
which is attacked by caries and that therefore 
those teeth, such as wisdom teeth, which contain 
a comparatively large percentage, are more sus­
ceptible to caries. He also observes the in-
(7)
creased magnesium content of carious teeth and 
suggests that the magnesium interferes with the 
change of the hexol salt to the more stable 
apatite structure.
More recently the method of X-ray analy­
sis has been applied to the study of bones and 
teeth. Such analyses have been carried out by 
de Jong (1926), Taylot and Sheard (1929), Roseberry, 
Morse and Hastings (1931), Hendricks et a,l (1932), 
Klement and Tromel (1932), and Thewlis (1932), all 
of whom are unanimous in stating that the compound 
is an apatite. The method, however, is not at 
present sufficiently sensitive to distinguish 
definitely between the different forms and no in­
formation is gained about substances present in 
small amounts. The possible forms of apatite are :-
Ghlorapatite 3 Gag (PO^Jg, Ga Gig 
Fluor " 3 Gag (PO^ ,)^ , Ga Pg
Carbonate " 3 Gag (1-04)2. Ga GO^
Hydroxy " 3 Gag (P04)g_ Ga (OH)g
Oxy " 3 Gag (1 0 4 )2 , Ga 0
(8)
Klement and Tromel are of the opinion that the 
main constituent is an hydroxyapatite, while 
Hendrick et al favour the presence of carbonate 
apatite in bone. Bredig has compared the
radio-grams of teeth and bone with those of arti­
ficially prepared apatites and agrees with Klement 
and Tromel that the material is essentially a 
hydroxyapatite, Be Jong, however, states that 
he is unable to distinguish between the different, 
forms of apatite. Dealing with bone on which 
much more work has been done, opinion differs as 
to whether it is necessary to consider the separate 
deposition of salts such as calcium carbonate and 
calcium acid phosphate. Roseberry et al have 
found no evidence for the presence of these salts 
from the results of their X-ray analysis. Robison 
states that there is no necessity to postulate the 
separate deposition of either of these salts and 
from his experiments on calcification in vitro he 
believes that the small amounts of other inorganic
(9)
basic and acid radicals present in bone, viz, 
magnesiiim, sodium, potassium, chloride, fluoride 
and hydroxyl are not carried down by a process 
of absorption, but are more probably part of the 
carbonate apatite, replacing eqiuivalent amounts of 
calcium, phosphate or carbonate in the complex 
molecule. Morgulis and Bogert and Hastings also 
favour the deposition of a complex salt in bone. 
The former consider the principal constituent to 
be Ca (Gag OHg, while Bogert and Hastings
conclude that the chief inorganic constituent is 
a crystalline salt Ga GOg.H Gag (PO^)^ where H 
approximates to the value 2. On the other hand, 
Marek et al (1934) as well as discussing the pre­
vious evidence for and against the question of 
the existence of one single constituent, conclude 
from their ovm analysis of young pig bone that 
the calcium phosphate and calcium carbonate are 
deposited separately because the relative amounts 
of these two substances are found to vary in
(10 )
different parts of the hone. Burns and 
Henderson working on young hone are of the same 
opinion. Their values for calcium carbonate 
and calcium phosphate, however, were obtained 
from young bone and therefore do not necessarily 
hold for erupted teeth which are under considera­
tion here.
Many workers have reported the presence 
of fluorine in enamel and dentine, and it was 
therefore thought that these tissues might con­
tain a significant amount of fluorapatite. The
occurrence of fluorine in teeth and its variation 
under experimental conditions is discussed else­
where . It is sufficient to observe here that 
the fluorine content of normal enamel and dentine 
does not exceed .025fp.
Little work has been done on the organic 
content of teeth, especially the enamel, owing to 
the difficulties encountered in estimating such 
small quantities of organic matter. The results
(11 )
of the early workers were obtained by calcu­
lation from the loss in weight on heating or 
merely from the difference between the inor­
ganic and total values and as such were ob­
viously unsatisfactory. Further the work 
was done on whole teeth which were unclassified. 
Tomes in 1896, worked on separated enamel and 
vfas unable to find more than a trace of organic 
matter, but Evans at a later date reports the 
presence of l-2fa.
Sprawson and Bury have calculated the 
organic content by estimation of the nitrogen 
and carbon present. From the former estima­
tion they obtained an average value of .15^ 
protein and from the latter .21fo. The high 
value in the second case they attributed to con­
tamination of the samples with iron which contains 
Ifh carbon in combination. They concluded also 
that the organic content was independent of the 
age and dentition.
(12 )
Fev/ of these analyses have taken into 
account the variations between individual teeth, 
the type of tooth and hence the proportion of 
enamel to dentine, the age, the degree of caries 
or the condition of the enamel surface. Unless 
all these facts are taken into consideration, no 
two analyses are truly comparable.
Some later work has been done with regard 
to the alteration in the chemical composition of 
teeth in rachitic anaimals and in cases of caries 
and pyorrhoea, notably by Toverud, Howe, Logan,
Ulrich and Kaushansky. Most of this work was 
carried out on whole teeth or crowns containing a 
varying proportion of enamel and dentine, the 
results, however, serve to indicate that changes in 
the inorganic constituents can occur under different 
conditions. The most marked of these changes is 
the decrease in calcium and the increase in magnesium 
which occurs in carious and pyorrhetic teetÿ., the 
variations from the normal being greater in the
(13)
latter case. The increase in magnesium is 
of particular interest since it is now knov/n 
that this element is important in the activity 
of phosphatases. The alterations occurring 
under various conditions are further discussed 
else-where in this thesis. In a recent paper 
Logan has made analyses of separated enamel and 
dentine of human and dogs' teeth. He draws 
attention to the difference in composition 
between enamel and dentine and hence to the 
futility of attempting to draw any conclusions 
from the analysis of whole teeth. Fron his 
results he concludes that the inorganic bases are 
present essentially as carbonates and tertiary 
phosphates.
Fish has investigated the calcium content 
of human dentine of teeth of varying ages (Table II) 
and observes an increase of about Calcium Oxide
after eruption. He found no difference in the 
calcium oxide content of the unaffected dentine
(14)
of the carious teeth, nor could he find any 
significant alteration after parathyroidectomy, 
after large doses of Vitamin D, during pregnancy, 
or following a calcium deficient diet.
Up till now this has been the only 
chemical work in which any attempt has been made 
to use controlled and.classified material, and as 
observed by Robison in no case has a complete 
analysis been made on any one sample. Until 
this has been done no definite conclusions as to 
the nature of the calcium compound and its relation 
to the variations in the other constituents can be 
made. The aim of this investigation therefore 
is to obtain a set of values for the composition 
of the separated enamel and dentine of sound human 
teeth and to compare these with values obtained 
from teeth with varying degrees of hypoplasia, 
from pyorrhetic teeth and from carious teeth.
(15)
TABLE II.
E. W. FISH.
Percentage dry weight
Type of Tooth Age CaO Ga
Premolars 9-14 36.7 5 29.41
" 30-45 38.33 30.66
Premolars,
canines,etc. 30-45 38.26 30.69
(16)
SUiaiARY.
The object of the investigation is 
briefly outlined. The theories put forward 
regarding the constitution of teeth and bone 
are discussed. Previous analyses of the 
organic and inorganic constituents are summar­
ised.
II.
METHOD OF ASSAY.
"A". MATERIAL.
METHODS.
(17)
”A”. MATERIAL.
The material used for the 
investigation was very carefully selected and 
herein lies the chief difference between this 
and much previous work carried out before it 
was realised that teeth varied very much in 
structure. Sound (non-carious) premolars of 
children removed for orthodonture purposes were 
collected from the school clinics. The average 
age of eruption of the premolar teeth is 10-12 
years, and these are not usually extracted for 
orthodonture purposes before the 11th year.
The children cease to attend the clinic after the 
age of fourteen and hence the teeth used in this 
investigation must have been extracted from 
children between the ages of 11 and 14 years.
All determinations were carried out on this type 
of tooth, so that the disturbing factors due to 
age and the type of tooth v/ere avoided.
These teeth were carefully graded into
(18)
five classes according to the degree of 
hypoplasia. In the first class were placed 
those graded as perfect. This necessitated 
that the tooth should have a hard, smooth, 
shining surface, devoid of markings, pits or 
fissures. Such teeth were rarely found, as 
is to he expected since a perfect tooth would 
not he likely to occur in an overcrowded mouth.
The next class of tooth shov/ing a very mild 
degree of hypoplasis, usually restricted in 
area, occurred more frequently.
Since it was impossible to obtain a 
sufficient number of these perfect teeth on which 
to carry out a complete analysis, the values 
obtained for the second class were taken as a 
basis for comparison with the values obtained 
for the other classes.
The teeth after classification were cleaned 
and placed in neutral 95fp alcohol until required. 
The enamel and dentine were separated as follows : -
(19)
The enamel was first ground from the outside 
of the tooth by a fast rotating cylindrical 
file of very hard steel, care being taken to 
stop before the dentine was reached. The 
file was then replaced by a dentist's rose head 
burr and the dentine burred out and collected 
as before until only a thin shell of dentine 
and enamel remained. The separated powders 
were then freed from iron, possibly introduced 
during the grinding process, by means of a magnet 
and magnetised needle. The material was 
further examined with a lens for extraneous 
matter such as cotton fibres from dusters, etc. 
The cleaned enamel and dentine powders were then 
dried at 105-110^0 for about eight hours and 
removed to a vacuum desiccator until used for 
analysis.
( 20 )
"B” METHODS.
The analyses included deter­
minations of total ash and nitrogen to give an 
indication of the organic content, and combined 
water.
The inorganic analyses included the 
determination of the amounts of the metals 
calcium, magnesium, sodium and potassium, and 
of the elements and groups phosphorus, chlorine, 
fluorine, silicon and carbonate.
The methods employed had to be adapted 
to the particular needs because the high proportion 
of calcium phosphate interfered with most of the 
estimations. The methods were tested out on 
samples of tri-calcium phosphate to which the 
particular constituent had been added in suitable 
proportion. In this way it was possible to 
determine what degree of accuracy could be expected. 
Viz. ,
( 21 )
Calcium .4^ ^
Phosphorus .2^
Magnesium
Carbon 
dioxide 5^
Mtrogen 4^ 5
CALCIUM, PHOSPHORUS and MAChESIUlM
Calcium, phosphorus and magnesium 
determinations were carried out on the same 
nitric acid solution. About 0.2 grm. of
enamel or dentine was weighed out into a 
platinum crucible, fused with sodium carbonate 
and dissolved in lOcc. 10^ nitric acid, the volume 
being made up to 200cc.
The calcium was estimated in 5cc. aliquot 
portions by the method of Kramer. The calcium 
was precipitated as oxalate at a carefully regulated 
pEb.
Loss of the precipitate on the filter paper
( 22 )
was avoided by filtering through, specially construct­
ed filter tubes with narrow bore which 
could be plugged with asbestos. In 
this way it was possible to obtain a 
greater accuracy.
The phosphorus was estimated
L
colormetrieally by the Briggs method
and occasionally verified by the method of Fiske 
and Subbarow. Since the solution was very acid, 
it was neutralised with IT caustic soda, using phenol- 
phthalein as an indicator, before estimation.
The magnesium was at first determined by pre­
cipitation as magnesium ammonium phosphate and estima­
tion of the phosphorus in the precipitate. This 
method, however, was found to be unsatisfactory 
owing to the small amount of precipitate and the 
difficulty of washing it free from the phosphate 
solution.
later a modification of the method of
(23)
G-reenlDerg and Mackey for the estimation of 
magnesium in hlood was employed with greater 
success. lOcc. aliquot portions were used 
for the estimation. These were transferred 
to tapering centrifuge tuhes, adjusted to a 
pH 4-5 with solid potassium carbonate, and the 
calcium precipitated with 5cc. of a Ifo solution 
of potassium oxalate. After allowing to stand 
for several hours, the tubes were centrifuged 
and lOcc. portions of the supernatant liquid 
withdrawn. These samples were then treated 
according to the instructions of G-reenberg and 
Mackey.
At first difficulty was experienced in 
avoiding loss of bromine during bromination, 
but by carefully covering the flasks after the 
addition of the bromate solution, this lose was 
avoided.
CHLQRIHE.
About 0.2 grms. of the enamel or dentine
(24)
were v/eighed out, extracted v/ith hot water 
and the residue dissolved in 50^ nitric acid.
The chloride in the water and acid solutions 
was then estimated by precipitation with silver 
nitrate and titration with thio-cyanate.
SODIUM.
An attempt was first made to estimate 
sodium by precipitation as pyro-antimonate 
followed by thio-sulphate titration of the iodine 
liberated by the reduction of the pentavalent 
antimony ion.
This was found to be unsuccessful as 
it was impossible to get a sharp end point.
Later a modification of the methods used by 
McCance and Shipp, and Salit was used. Great 
difficulty was experienced at first in carrying out 
this determination owing to the presence of large 
quantities of calcium phosphate. The phosphate 
was precipitated according to the instructions of
(25)
McCance and Shipp, but the remaining calcium 
was found to interfere since it was precipi­
tated as an uranate along with the uranyl zinc 
sodium acetate and hence excessively large re­
sults were obtained.
Attempts were made to remove the calcium 
but in all cases these necessitated the addition 
of another ion v/hich also caused interference. 
Finally, it was found that both the calcinm and 
phosphorus could be removed satisfactorily by 
precipitation v/ith ammonia. The procedure was
as follows : -
About 0.2 grms. enamel was dissolved in lOcc 
lO^ o nitric acid and 5cc. ammonia added to precipi­
tate the calcium phosphate. The volume was made
up to 20cc. and left to stand over night. The 
solution was then centrifuged and 6cc. of the super­
natant liquid withdrawn, evaporated to dryness and 
dissolved in 2cc. water. The instructions of 
Salit for the precipitation of the sodium compound
(26)
were then folloviecl except that the volume of 
zinc uranyl acetate v/as increased to 9cc. and 
the alcohol added in 0.45cc. portions.
It was found necessary to perform a 
blank using the same reagents and subjecting 
them to the same procedure, so as to elimate any 
error due to sodium derived from the glassv/are 
or present in the reagents used. A triple 
acetate solution prepared according to the in­
structions of McCance and Shipp was used as a 
basis of comparison for the unknown and blanks.
The strength of this solution in milligrams of 
sodium per cc. was found by carrying through an 
estimation on a sample of a knov/n solution of 
sodium chloride. The amount of triple acetate
equivalent to this, less that equilavent to the
absolute blank gave the volume of triple acetate
solution containing the amount of sodium present
in the sample. Since this was knov/n the strength 
of the triple acetate in sodium could be calculated.
(27)
POTASSIUIvI.
Potassium was estimated, as chloro- 
platinate by the method of Shohl and Bennett.
About .2 grm. of the tooth powder 
was weighed out into a platinum crucible and 
heated to redness with a few drops of concen­
trated sulphuric acid to convert all the potass­
ium to sulphate. The residue was extracted 
with hot water, filtered and the filtrate treated 
according to the instructions of Shohl and Bennett.
CARBON DIOXIDE.
The estimations were carried out using 
a modified Van Slyke apparatus into v/hich it was 
possible to introduce' a solid in the form of a 
powder. ,
(28)
The modification consisted of a wide 
bore (7mm.) in the upper tap, through which it 
was possible to pass the stem of a specially 
constructed funnel. This funnel was fitted 
with a glass plug (b) drai^ vn out at both ends 
and passing through a cork (c). About 60mg. 
of enamel or dentine were introduced into this 
funnel, the cork fitted and the v/hole v/eighed 
on a watch glass. The stem of the funnel was 
placed through the bore of the tap and the plug 
removed, so that the powder fell into the appara­
tus. The empty funnel was then weighed again, 
the loss in weight giving the amount of the 
sample introduced. The air was expelled from 
the apparatus by raising the mercury level; the 
powder adhered to the side of the tube and so was 
not driven out in this process. 2N Hydrochloric 
acid was introduced to liberate the carbon dioxide, 
and after allowing sometime for the gas volume 
to become constant readings were taken. The
(29)
carbon dioxide was absorbed by caustic soda, and 
a value for the unabsorbed gas obtained. The 
percentage carbon dioxide content was then ob­
tained by calculation from the following equation 
(Van Slyke) : -
GOo = 1.017 X V% (B - W) X ( B^S ) X 440 x 100
2 ( 1+' )
760 (14.00367T) ( A-8 ) 224 Z
Where 1.017 = Correction for reabsorption of
gas phase 
B = Barometric pressure
W Vapour pressure of water at T°C
V - Volume of COg
T = Temperature in degrees centigrade
7 60 (1+.OO067T) « Correction for atmospheric temper­
ature and pressure
1.^  L^S = Correction for unextracted gas
Jl-S
A = Total volume of extraction chamber
- Ratio in v/hich COg distributes
between equal volumes of aqueous 
and gaseous phase 
3 » Volume of liquid
440 = Factor for conversion of volume to
224 weight
Z = Weight of sample in milligrams
(00)
The value for 1^  and 760 ( 1 -f- .OO067T) were read 
off from a graph.
NITROGEN.
The nitrogen was estimated by the micro- 
Kjeldahl method. .2 grms. enamel or .1 grms. of 
dentine was weighed out into a Kjeldahl flask.
The powder was dissolved in 5co. of 20^ hydro­
chloric acid and then incinerated with about 
3 grms. potassium sulphate, 5cc. concentrated 
nitrogen free sulphuric acid and a little copper 
sulphate. After incineration the solution was
transferred to a micro-Kjeldahl flask and steam 
distilled with caustic soda. The nitrogen in 
the distillate was estimated colorimetrically 
with Nessler solution. A blank incineration 
and distillation was carried out and the value 
obtained subtracted from those found for the 
unknowns. The accuracy of the method was
checked by distillation of known amounts of
(31)
standard ammonia sulphate solution. An 
accuracy of 2^ was obtained.
SILICON.
The method used in this investigation 
is bases on that described by Lienart and 
VJandenbulche, the principle of the method lying 
in the production of a yellow silicon molybdic 
acid complex. This and other methods have been 
developed with a viev; to determining the silica 
content of waters of which a large supply is 
available, but in thecase of natural tissues it 
is often necessary to carry out the determination 
on a small quantity of material.
King and Stantial have developed a modifi­
cation of the method more suited for this purpose, 
in which the yellow silico-molybdic acid complex is 
reduced with the production of a blue colour, v/hich 
is more easily and accurately matched against 
silica standards than is the yellow colour. These
(32)
workers have tried several reducing agents 
and various experimental conditions, and have 
adapted the method to the determination of 
the silicon content of animal tissues. They 
have also carried out experiments to demonstrate 
the degree of accuracy which may he expected.
The instructions of King and Stantial 
for the determination of silicon in ur-ine have, 
with slight modification, been followed in the 
investigation.
Since silica is present in glass and is 
easily passed into solution, special apparatus 
had to be used. Solutions of a neutral or 
acid reaction were preserved in bottles of Jena 
glass, while those of alkaline reaction were kept 
in waxed bottles. Apparatus used in the determin­
ation was either of Jena glass or of glassv/are 
painted with a synthetic resin-bakelite. Glass­
ware coated with this material, however, could only 
be used once, as it tended to flake and scratch
(33)
off. The use of tumblers made of a
non-silicious synthetic material and termed 
Beetleware, instead of beakers, was found to 
be satisfactory. Great care was also taken 
in making up the solutions for use in the 
estimation. The hydrochloric acid for 
dissolving the tooth powder was freshly pre­
pared by dropping sulphuric acid on to the 
commercial acid, and collecting the gas evolved 
in distilled water until the required strength 
v/as obtained. The ammonia was also redistilled 
into distilled water in a wax coated bottle.
The other reagents were made according to the 
instructions of King and Stantial.
The estimation was carried out on the 
crowns of the teeth. These were crushed in an 
iron mortar, and any iron w^ ith which the tooth 
powder might have become contaminated was re­
moved by means of an electromagnet. A small 
portion of the powder was dissolved in acid and
(34)
tested for iron, which was found to he absent.
About 3-4 grams of the powdered tooth 
material v/ere fused with a known amount of 
sodium carbonate and the melt dissolved in 
hydrochloric acid. To guard against any 
error due to the presence of silica in any of 
the reagents, a blank consisting of the same 
amount of sodium carbonate dissolved in an 
equivalent amount of acid, was carried out at 
the same time as the union own. The blank and 
unknovm were both made up to 250cc.
Since phosphates also give the blue 
molybdenum complex it was first necessary to 
remove the phosphate. For this purpose 50cc. 
portions of the unknown and blank were taken 
and 20cc. of dÿo calcium chloride and 20cc. of 
approximately N ammonia solution added. After 
leaving, the precipitate was filtered off and 
tested for phosphate. 20cc. of the phosphate 
free filtrates were used for the estimations
(35)
which were carried out in boiling tubes coated 
with bakelite and graduated at 25cc. The 
blue colour developed was very slight in the 
unknown as well as the blanlo and great 
difficulty was experienced in making a com­
parison with the standards, especially in the 
case of the latter. It was possible, however, 
to make an approximate estimate of the amount 
of silicon present, v/hich in any case was very 
small,
FLUORINE.
A discussion of the difficulties 
encountered in the estimation of this element 
and the method finally employed constitute a 
considerable part of this thesis, and will be 
found elsewhere.
(36)
SUIO/IARY.
Classification of the material and 
the separation of the enamel and dentine is 
described.
The Methods of estimation of the 
elements and groups occurring in the teeth 
are given.
III.
COMl^OSITION OF SOOTD TEETH.
TABLE III.
COMPOSITION OF ENAMEL.
( 3 7 )
Ash
Nitrogen
Calciiun
Magnes itun
So ditun
Potassitun
Phosphorus
Carbon dioxide
Chlorine
Fluorine
Silicon
G a/p
95,38ÿ&
.156^
07.07)6
.464)6
.25)6
.05 or less
17.22)6
1.952)6 after heating
.54)6
.3)6
.025)6
,003)6 whole teeth 
2.153)6
Ca:^:COa,( Molar 
proportions) 10:5.994: '1479
(38)
CONSIDERATION OF TEE ENAIiŒL RESULTS:
One of the first things to he noted 
is the small amount of silicon and fluorine 
present. It is stated in many text hooks 
that teeth contain significant quantities of 
both elements, especially the latter. It 
is doubtful whether there is any silicon 
present at all, as it is quite possible that 
this small amount may be due to impurities.
The small amount of fluorine present, pre­
cludes any idea that fluorapatite is an im­
portant constituent of teeth and it is probable 
that not all teeth contain this element.
The occurrence of fluorine in teeth and its 
variations under different conditions is 
further discussed elsewhere.
It is perhaps significant in this con­
nection that the chlorine content, although 
small, is greater than the fluorine. This
X /
(39)
chlorine is not present as a salt soluble 
in water, since before the enamel was 
dissolved in acid for the estimation it 
was extracted with hot water and no chlorine 
was found in this water extract. Enamel 
also contains small amounts of sodium, and 
possibly potassium, though the presence of 
the latter element is doubtful. No con­
clusions have been arrived at v/ith regard to 
the mode of combination of the sodium; all 
that is definitely known is that it is not 
present in a water soluble form.
It may also be pointed out that the 
quantity of magnesium in human teeth is con­
siderably less than that in the teeth of other 
mammals, and that the actual amount is so 
small that it cannot replace calcium to any extent 
in normal teeth. As already suggested it is 
probable that the significance of magnesium is 
with respect to the proper laying down of calcium
(40)
phosphate rather than with the formation 
of part of the inorganic complex. It 
Vi;ill he seen later that the magnesium 
content is by no means constant, but, as 
observed, by other workers, it is subject to 
alterations under various conditions.
The value of the Ca/P ratio and the 
relative smallness of the amount of other 
substances present, indicate that a form of 
apatite is the chief constituent of the 
enamel representing approximately 90^ of the 
dry and of the ashed substance. This is 
in agreement with the results obtained from 
X-ray analysis and already discussed.
The Ga:P:COg ratio differs from that 
given by Gassmann in that the carbon dioxide 
is much less, and indicates that carbonate 
apatite can only constitute a small percentage of 
the total apatite.
It is probable that it is not justifiable
(41)
to consider bone and teeth to be of the 
same chemical composition and the results 
obtained in this investigation shov/ that 
even enamel and dentine are not identical 
in their inorganic constituents.
Dentine is in many v/ays more similar to 
bone, notably in its carbon dioxide content 
which fe approximately the same, while enamel 
contains much less. It is significant that 
enamel on prolonged heating does not lose all 
its carbon dioxide, v/hereas dentine and bone 
heated under the same conditions lose all.
It was found that calcium and, magnesium car­
bonates under the same conditions of ashing 
also lose all their carbon dioxide, but it has 
not been possible to test the effect of heat on 
carbonate apatite for apparently no sufficient­
ly pure specimens exist or can be made. Since 
it is probable that the carbon dioxide combined 
as apatite would be more firmly held, it was
(42)
assumed that the carbon dioxide remaining 
in the enamel after ashing was present as 
apatite, while that driven off was present 
as calcium or magnesium carbonates. The 
stability of the complex carbonate phosphate 
as compared v/ith calcium phosphate and car­
bonate has also been emphasised by Gassmann 
(1921). Working on this assunrtion it is 
possible by calculation and deduction on a 
percentage basis to form an idea of the 
probable combination of the elements com­
posing the enamel.
Considering the distribution of the 
carbon dioxide, that remaining in the heated 
enamel was taken to be present as carbonate 
apatite, and that driven off, to be combined 
with magnesium, and any excess with calcium 
as carbonate. The amounts of chlorapatite 
and fluorapatite were then calculated from 
the fluorine and chlorine values.
(43)
The residual Ga/P ratio is then 2.115, 
showing that these elements cannot he present 
as apatite alone (Ca/P = 2.151). The low 
ratio may he due to the presence of either a 
large amount of Cag (PO^)^^ (Ca/P = 1.936), or 
a little CaPPO^ (Ca/P = 1.29),admixed with the 
apatite. The X-ray analysis investigations 
have shown that apatite is the main constituent 
of enamel and hence the second possibility seems 
the more probable.
Working on this assumption it is possible
to calculate the proportions of apatite and CaHPO^
as f ollov/s : -
40 gm Ca = 31 gm P in CaHPO^
400 gm Ca = 186 gm P in Apatite
Let X grms Ca be combined as CaKPOq
and y ” Ca ” ” ” Apatite
Then x d y  29.9033 (the Ca left after assigning
Ca to CaCOg & fluorapatite)
X X 31 Y X 186
40 400 = 14.34
Solving the equations.
X = .7387
y = 29.1646
(44)
Hence the amount of CallPOq and 
hydroxyapatite can he calculated. The
results are given in Table IV.
The loss in væight on ashing re­
presents the bound water, the greater part 
of the carbon dioxide and the organic matter. 
Total loss in weight on ashing - 4.62
Carbon dioxide lost on heating = 1.4369
Water lost by hydroxyapatite = 1.312
Total 2.7489
Combined water other than that in 
hydroxyapatite-^organic matter = 1.8711
It is possible that CaHPOq is present as the 
dihydrate CaHPOq. SHgO and that water is lost from 
this on heating.
Prom consideration of the nitrogen value, 
the percentage of protein present is about Ifh, a 
value in accordance with that indicated by
(45)
calculation. It is to be noted that the 
value for the organic content is considerably 
higher than that obtained by Spawson
and Bury. Every care was taken to prevent
contamination of the material, a blanic deter­
mination being carried through on the reagents 
and the recovery checked by distillation of 
standard ammonia sulphate.
(46)
TABLE IV.
CALCULATED COMPOSITION OE ENAMEL.
MgCO/%
CaCOg
Carbonate Apatite
Fluorapatite
Chlorapatite
Hydroxyapatite
GaHPO^
Sodium
4: Combined Watert 
organic matter
Total
Percent age 
of
dry weight
1.624
1.331
12.06
.663
4.397
73.18
2.511
.25
1.8711
Calcium Phosphorus 
in enamel
.5327
4.684
.26
1.69
29.1646
.7387
2.178
.122
.786
13.56
.5725
97.887 37.07 17.2185
Determined values 37.07 17.22
^ See Page 44
(47)
TABLE Y .
THE COMPOSITIOIT OF DENTIKE.
Dry Ash
Ash 71.0996
Nitrogen 3.4396
Calcium 27.7996 39.8396
Magnesium .83596 1.17 596
Sodium .1996 .26796
Potassium .0796 or less .IO96
Phosphorus I3.8I96 19.0496
Carbon dioxide 3.I7696 nil
Chlorine nil nil
Fluorine .02596 .03596
Ca/P 2.01296 2.091
Ca:P:COo (Molar 
proportions) 10:6.412: 1.036 10: 6.17:0
CONSIDERATION OF THE DENTINE RESULTS.
(48)
The analysis of dentine presented a 
difficulty because of its considerable organic 
(protein and fat) content. It is easy to 
remove the organic part of the dentine by ex­
traction, but it is difficult to get a quantitive 
recovery and so calculate back to the dry weight.
Galculatin^from the phos'^orus content 
of the oto" dentine and^he loss in wd^ht on 
ihing, it %peared that 4\rhosphorus i^\los u 
in ^ \he ashing p)\cess. It c W  be deduced 
the nImogen values\fchat not all organic 
material protein ; àiL^ o fat extraction raises 
le Ca/F ratib^ These t\^ facts indicafls^  that 
thi^loss of phos^orus on asMsqg is due to 
presenb« of lipide and that no\inorganic
phosphoruses lost. !^nce it vms cdsasidered
possible to 11^  the figuresettained on t\e ashed 
dentine for the (bal cul at ions d dealing with th^
(49)
r,nnn1dT:TAti oii.n nf. aimi.a.^  i 'U on.
It can be seen from the results that 
dentine differs from enamel in several respects.
If the values for the ashed dentine are compared 
with those for the enamel it is seen that dentine 
contains more carbon dioxide and magnesium.
The phosphorus content is also greater, giving 
a lower Ca/P ratio which does not correspond so 
closely with the ratio for apatite as does that 
of enamel.
Since all the carbon dioxide was lost 
on heating, it was assumed that there was no 
carbonate apatite present, but that all was pre­
sent as simple carbonate. All the magnesium 
was taken as being present as MgCOg and the rest 
of the carbon dioxide as combined with calcium.
The amount of fluorapatite was calculated from 
the fluorine value.
The residual Ca/P ratio is 1.98, showing 
that, as in enamel, apatite is not the only calcium
(50)
and phosphorus compound present.
The possibilities in this case are : -
(1) Ga0 (10^
(2) Cag (P0^)g4-GalIP0^
(3) 3Ca0 (PO^)^. Ga%2 4-CaHP04
X-Ray analysis has shown that dentine 
contains a considerable quantity of apatite and 
hence the third possibility is the most probable.
The amounts of Gahl-O^  and hydroxyapatite 
were calculated as before. The results are 
given in Table VI.
Comparison of the calculated compositions 
of enamel and dentine shows that hydroxyapatite is 
the main constituent of both, but that apart from 
the difference in organic content, the two differ 
in several other respects. The most marked of 
these is the greater proportion of CaHPO^ present 
in dentine, though it will be seen later that the
(51)
TABLE VI.
CALCULATED COIvlBOSITIOîT OF DENTINE.
Dry Dentine Ashed Dentine Calcium. Phosphorus 
in ashed dentine
if
MgCO
CaCOg^
2.922 MgO 
3.738 CaO
1.958
2.945 repre­
senting 2.103
Fluorapatite .663 Fluor­
apatite .933
Chlorapatite Nil Chlor-
apatite Nil
Carbonate
apatite Nil Carbonate
apatite Nil
58.03 Oxyapatite
80.19
11.67 CaîH’04 16.42 
.19 Sodium .267
Eydroxy-
apatite
GaHPO^
Sodium
^ Bound waterf- 
organic 
matter 24.693
.3701
32.528
4.829
.172
15.12
3.742
101.906 102.713 39.83 19.034
Determined values 39.83 19.04
iBound water other than that included in hydroxyapatite
(See page 44).
(52)
more hypoplastic enamels contain an increasing 
amount of this compound.
Another obvious difference is the absence 
of carbonate and ciilorapatite in dentine, the former 
bring replaced by a larger proportion of calcium and 
magnesium carbonates.
It is realised that this treatment of the 
results is not the only one possible, and in view 
of the controversy regarding the separate deposition 
of salts such as calcium carbonate and the evidence 
against the existence of CaHlO^, it is to be under­
stood that the aim of these calculations is to give 
a basis for comparison rather than to give a true 
representation of the compounds present in teeth.
If the acid and basic equivalents are cal­
culated it is found than in enamel there is an excess 
of base and in dentine an excess of acid radical.
This can only be accounted for by assuming the pre­
sence of the hydroxyl radical in enamel and the pre­
sence of some acidic salt e.g. CaHPO^ in dentine.
(53)
SmCvIARY.
The results of analyses of sound enamel 
and dentine are given. The differences be­
tween the chemical composition of enamel, dentine 
and bone are discussed.
By a method of calculation an attempt is 
made to arrive at some conclusions regarding the 
probable composition of enamel and dentine.
II'
TIIE RELATIONSHIP BETVffiBM CHEMICAL 
COKiOSITIOU AND HYI’OPIASIA.
(54)
Fremolar teeth from children between 
the ages of 10 and 14 years were used. These 
were sub-divided into four classes : -
1. Hypoplastic
2. " +
3. " ++-
4. ” gross
as already described.
A preliminary series of analyses were 
made on whole crowns, an upper second premolar 
of approximately the same weight being used in 
every case except that of the gross where this 
was impossible. The crowns were weighed, 
ashed in a platinum crucible, the ash dissolved 
in IO93 nitric acid and the volnme made up to 
500cc. Calcium and phosphorus determinations 
were carried out on this solution. The results 
(Table VII) showed that there was a distinct 
decrease in ash and calcium content in passing
(55)
from the first to the last classes, hut 
little change in the phosphorus content; 
the Ca/P ratio was therefore less in the 
grossly hypoplastic teeth, pointing to a 
decrease in apatite content.
More detailed analyses were then 
made on the separated enamel and dentine of 
all four classes (Tables VIII and XU). 
Considering first the changes in enamel with 
increasing hypoplasia. The most obvious of 
these are decrease in the ash and calcium 
content and increase in the carbon dioxide.
The phosphorus content is not significantly 
changed, with the result that the Ca/P ratio 
decreases v/ith increasing hypoplasia, and in 
no case other than that of the best class does 
it reach the value for apatite, showing that 
there must be some other form of phosphate 
present in teeth exhibiting any marked degree 
of hypoplasia. The magnesium content shows
TABLE VII.
(56)
ANALYSIS OF mOLE CROWNS.
)lass Wet
V/eight
Ash Ash
96
Ca
fa Wet 
Weight
Ga
fo
Ash
P
96
Ash
Ga/P
Hy- .6698g .5691 84.98 31.62 37.21 18.23 2.041
u .6188 .5229 84.50 32.64 38.64 18.61 2.077
TI .5628 .4780 84.92 33.00 38.85 18.16 2.139
tf ^ .6068 . 5084 83.79 30.42 36.31 17.88 2.030
IT f .6809 .5590 82.10 30.96 37.72 18.35 2.055
It ■ + .5801 .4791 82.58 31.36 37.97 18.27 2.078
TI 4  t .6084 .4942 81.23 29.73 36.59 17.48 2.093
rr 4  4 .6612 .5402 81.70 29.65 36.29 17.81 2.039
"G-rcss.4700 .3665 77.98 29.07 37.27 18.64 1.999
If ir .5186 .4127 79.58 29.71 37.34 18.55 2.013
(57)
TABLE VIII.
A M L Y S I S  O F  E N A M E L .
P E R C E N T A G E  OF D R Y  WEIGHT.
H y  H y  H y  H y
A s h  95.38 95.20 94.77 94.67
N g  .156 .161 .153 .208
C a  37.07 36.85 36.29 35.81
M g  .464 .564 .404 .471
P  17.22 18.01 18.04 17.72
C O g  1.952 2.312 2.424 2.434
C l „  .30 .33 .29 .19
COp ^  of
a s h  .54 .638 .584 .665
C a / P  2.153 2.046 2.012 2.020
C a : P . C O o  
(Molar 
p r o p o r  
tions)
10 : 5 . 8 3 7 r 5 1 1  1 0 : 6 . 1 1 4 : . 6 0 2  10:6.262:.637 10:6.212:.630
* T h e  o t h e r a n d  “ ''«-radicals ha v e  b e e n  c o nverted to their 
C a  a n d  COg e q u i v a l e n t s  r e s p e c t i v e l y  and included here.
(58)
little change, but the chlorine content is 
slightly decreased. The carbon dioxide of 
the ashed enamel is greatest in the case of 
severe hypoplasia, indicating that there is 
an increasing amount of carbonate apatite with 
increasing hypoplasia. The sodium and fluor­
ine være not determined in each class, since 
the amounts were so small and did not appear 
to be subject to any marked alteration.
The number of grems equivalents of anions and 
cations per 100 grm of enamel was calculated 
for each class (Table IX). In all cases except 
the Hy-ft class there was found to be an excess 
of base, indicating the probable presence of 
the hydroxyl group. The probable composition 
of the enamels were calculated, firstly by the 
method adopted for the sound enamel (Table X) 
and secondly including all the calcium and mag­
nesium carbonate in the complex apatite molecule 
(Table XI). The magnesium was all included in
(59)
TABLE IX.
NTJKBER OF GRAJvI EQUIVALENTS OF ANIONS 
AND CATIONS per 100 GRMS ENAMEL.
Cations Hy Hy4 Hy+t Hy Gross
Ca 1.853 1.843 1.814 1.790
Mg .039 .047 .034 .040
Na .011 .011 .011 .011
Total Cations
1.903 1.901 1.859 1.841
Anions
ro4 1.672 1.749 1.752 1.721
GO 2 .089 .105 .110 .111
Cl .008 .009 .008 .005
Total Anions
1.769 1.856 1.870 1.837
Excess Cations
,134 .045 -.011 .004
(60)
the carbonate part of the mofecule, e.g. 
Mag(P04)g. MgCOg.
By both methods there was found, in all except 
the Hyn-class, an excess of phosphorus over and 
above that required for apatite. This was 
taken to indicate the presence in the hypo­
plastic enamels of Ca HPO4 , or at any rate a 
more acidic phosphate than tricalcium phosphate 
The results of these calculations shows that 
there is a remarkable gradation in composition 
between the various classes. The class Hy++ 
does not altogether fall in line with the other 
classes; this may in part be due to,the fact 
that it is noÿ easy to distinguish accurately 
between this class and the second class with 
regard to hypoplasia. The dentine of this 
class also shows a similar discrepancy from the 
other classes. The chief points brought out 
by the first method of calculation are that 
GaGOg, GaEDP04 and carbonate apatite increase
TABLE X.
CALCULATED PERCENTAGE COMPOSITION 
OF ENAMEL.
(61)
Hy Hy4- Hy+ + Hy Gross
Mg CO 3 1.624 1.974 1.414 1.666
Ca COg 1.331 1.524 2.568 2.108
Carbonate
apatite 12.06 14.21 12.95 14.73
Chlorapatite 4.397 4.91 4.251 2.768
HycLroxy-
apatite 73.84 62.98 58.50 58.91
Ca HPO4 2.511 12.71 17.97 16.01
Sodium .25 .25 .25 .25
4 Combined waterf 
Organio 
matter 1.859 1.966 2.310 2.474
Total 97.872 100.524 100.213 98.916
^ See Page 44.
(62)
TABLE X I .
H y  H y +  H y + v  H y  Gross
C a r b o n a t e  
a p atite 
3 C ag(PO4 ) 2  CaCOg )
) 24.498 53.73 56.47 56.64
3Ca2(B0^)g MgCOg )
C h l o r a p a t i t e  4.397 4 . 9 1  4 . 251 2.768
H y d r o x y  " 64.51 3 3 .81 26.47 27.99
C a H P 0 4  - 4 . 8 0 3  9.342 7.675
G a C O g  2.028 -
H a  .25 .25 .25 .25
^ C o m b i n e d  w a t e r +
or g a n i c  m a t t e r  2.026 2.489 2.885 3.028
Total 97.709 9 9 . 9 9 2  99.668 98.351
% 8 e e  Page 44,
(63)
with hypoplasia. These increase at the
expense of the hydroxyapatite which is 
correspondingly decreased. The "bound 
water, (other than that of hydroxapatite) 
plus organic content-increases with hypoplasia. 
The nitrogen values do not increase correspond­
ingly, hence the a"bove rise is probably due, 
not to an increased organic content, but rather 
to the presence of a greater proportion of 
combined water. Each nitrogen value is the
mean of seven or more estimations and It musty- 
therefore, be concluded that the irregularities 
are not due to any error in the determinations. 
It will be observed that there is the most 
marked change in composition in passing from 
the first to the second class; the difference 
in the degree of hypoplasia between these two 
classes was also more easy to distinguish.
The Mg 003 and chlorapatite content is not 
significantly changed from class to class
(64)
The sodium value obtained from the hypo­
plastic class v/as included in each class in 
order to complete the Table. As fluorine 
is not necessarily present in all teeth this 
was not included and in any case, since 
fluorapatite and hydroxyapatite have approx­
imately the same molecular weight, the sum 
of the inorganic constituents is not affected 
by this omission.
The second method of calculation 
brings out similar points, viz., that hydroxy­
apatite decreases and carbonate apatite and 
Ca ÏÏPO4 increase: with hypoplasia. For 
purposes of comparison of the classes, the 
first method of calculation was found to be 
the more satisfactory.
Passing on to consideration of the 
dentine, the changes in chemical composition 
with hypoplasia are not so apparent.
There is a decrease in the calcium content
(65)
with increasing hypoplasia and. this is more 
marked in the ash. The Ca/P ratio is 
consistently lower than that for enamel,
The carbon dioxide content of dry dentine is 
higher than that of enamel and remains approx­
imately constant throughout the classes. 
Attempts to estimate the carbon dioxide con­
tent of ashed dentine indicate that this gas 
is completely driven off in the ashing process. 
In a few cases there appeared to be a little 
left, but the amount was too small to estimate 
and its presence was probably due to e,rror in 
the determination or incomplete ashing of the 
dentine. This is in contrast with the 
enamel where a definite amount of carbon dioxide 
remained after ashing in all cases.
Chlorine was absent from the dentine 
except in the case of teeth showing gross hypo­
plasia, when a small amount ( .023$6) could be 
detected.
(66 )
TABLE XII.
ANALYSIS OF DENTINE. 
PERCENTAGE DRY TOIGHT.
Hy Hy+ Hy+ f Hy Gross
Ash 71.09 70.64 70.17 70.28
Nitrogen 3.43 3.25 3.37 3.45
Calcium 27.79 27.54 27.27 26.96
Magnesium .835 .882 .797 .728
Phosphorus 13.81 14.35 13.61 13.50
Carbon
dioxide 3.176 3.383 3.046 3.102
Ca/P 2.012 1.919 2.004 1.995
CazPiCOg
(Molar Propor­
tions
10:6.067: .983 10:6.343:1.054 10 :6.099 :-962 10:6.142:^994
PERCENTAGE OP ASH.
Calcium 39.83 38.86 38.22 37.61
Magnesium 1.175 1.248 1.137 1,036
Phosphorus 19.04 19.01 18.56 18.41
Carbon dioxide Nil Nil Nil Nil
Ga/P 2.091 2.044 2.059 2.043
S e e
(67)
TABLE XIII.
mikIBEE OF GRAlf EQUIVALENTS OF 
ANIONS and CATIONS per 100 grms DENTINE.
Cations Hy Hy+ Hy+f Hy Cross
Ca 1.389 1.377 1.364 1.348
Mg .070 .074 .066 .061
Na .008 .008 .008 .008
K .002 .002 .002 .002
Total
Cations 1.469 1.461 1.440 1.419
Anions
1.341 1.393 1.321 1.311
COg .144 .154 .138 .141
Cl - - - .001
Total
Anions 1.485 1.547 1.459 1.453
Excess
Anions .016 .086 .019 .034
( 68 )
The nitrogen values are subject to fluctuation^ 
similar to those in enamel. Here again the 
values are the mean of many estimations.
The number of gram equivalents of anions and 
cations per 100 grms of dentine was calculated 
(Table XIII). In all cases there was an 
excess of anions. This can only be accounted 
for by assuming the presence of some acidic salt 
such as CalirO^ .
Consideration of the ratio of the molar 
proportions indicates that carbonate apatite is 
possibly the main constituent of dentine, but on 
further calculations, it is found that the figures 
necessitate the presence of small quantities of 
Ca HPO4 and CaCOg. The ratio of the molar 
proportions does not show any relationship with 
the degree of hypoplasia. The composition of 
the dentines was also calculated assuming all 
the carbon dioxide to be present as carbonates, 
as indicated by the fact that all carbon dioxide
(69)
TABLE XIV.
Dry Dentine. 
MgCOg 
C aCOg
Chlorapatite 
Hydroxy ” 
CaHP04 
Na
CALCULATEI) PERCENTAGE C OVIPOSIT ION 
OF DENTINE.
Hy
2.922
3.738
nil
58.69
11.67
.19
^Combined watert 
organic
matter 24.682
Hy f- 
3.087
4.014 
nil 
53.43 
15.47 
.19
25.019
Total 101.892 101.210
Ash Dentine
MgO 1.958 2.081
CaO 2.945 3.182
Chlorapatite nil nil
Oxyapatite 81.103 74.293
CaHP04 16.42 21.91
Na .267 .267
101.733
Hyf-f
2.790
3.602
nil
53.78
13.41
.19
25.820
Total 102.693
99.592
1.893
2.876
nil
76.29
19.11
.267
99.436
Hy Gross 
2.548
4.015 
.337
50.68 
15.30 
.19
25.709
98.779
1.727
3.200
.480
70.84
21.76
.267
98.274
^  See Page 44.
(70)
is driven off by heating (Table XIV).
The results showed that the changes in 
composition of dentine with increasing 
hypoplasia are similar to those occurring 
in enamel when the same method of calcu­
lation is applied, i.e. increase in
CaEPO^ at the expense of hydroxyapatite. 
Considering the results obtained by this
method of attacking the problem it is
obvious that there is some distinct 
relationship between chemical composi­
tion and hypoplasia in enamel, and also 
perhaps to a lesser extent in dentine.
In any case, from w^ hat ever angle the 
problem is approached it seems certain 
that hydroxyapatite and carbonate apatite 
are the main constituents of teeth and that 
the amount of hydroxyapatite decreases with 
hypoplasia probably being replaced by some 
of each of carbonate apatite, CaCOg and CallPO^ .
(71)
The increased amoimts of these latter 
compoimds which are apparently either lacking 
or present only in comparatively small quanti­
ties in sound enamel, points to the fact that 
all resources have been mobilised to aid in 
the calcification of the teeth, owing, either 
to a deficiency of calcium or phosphorus, or 
to an error in the Ca/P ratio. Any derange­
ment of calcium or phosphorus metabolism will 
lead to a departure from the normal orderly 
laying down of the enamel, hence giving a 
hypoplastic condition of the latter, which will 
according to Mellanby result in an increased 
susceptibility to dental caries. Also since 
hydroxy-apatite is more stable chemically 
than either CaCOg or CaKP'04, increase in the 
amount of these two compounds may further in­
crease the susceptibility to caries.
Analyses were also made of a number 
of teeth obtained from Indian subjects (Table XY ).
(72)
It is interesting to compare the composi­
tion of these teeth from a region where 
caries is comparitively rare, with that of 
the premolar-s already considered.
The teeth were found to he particularly 
hard and apart from extensive brown stain­
ing v/ere white and more opaque in appear­
ance, This appearance, in some cases 
rather similar to that of mottled teeth 
from a fluorine area,led to the determina­
tion of fluorine in these teeth. It was 
found that although the fluorine of the 
enamel was approximately the same, that of 
the dentine was increased to twice the value 
for the premolars. Since these teeth were 
from adults it would be expected that the 
ash content would be high. This is notice­
ably so in the case of the dentine, but that 
of the enamel is belovf the average, possibly 
owing to the difficulty of obtaining a sample
(73)
free from contamination with hrovTn stain, 
which is probably organic in origin.
The amounts of the inorganic constituents 
of the enamel are increased, especially the 
magnesium. In the case of the dentine 
there is an apparent increase of calcium 
and phosphorus in the dry material, but 
this is only due to the increased inorgan­
ic content, and actually there is a decrease 
in the calcium and phosphorus of the ash.
The Ca/P ratio in both enamel and 
dentine approximate most nearly to those 
for the hypoplastic class. For purposes 
of comparison the composition of the enamel 
and dentine were calculated by the first 
method as before (Table XVI). The enamel 
appears to approximate most nearly to the 
composition of the^hypoplastic class, except 
that the GaCOg is largely replaced by MgCOg. 
The dentine however approximates more nearly
(74)
TABLE XV.
EKAMEL
Ash
Nitrogen
Calcium
Phosphorus
Magnesium
Carbon dioxide
Chlorine
Fluorine
Ca/P
Ca:P:C02(Molar
proportions)
DENTINE
Ash
Nitrogen
Calcium
Phosphorus
Magnesium
Carbon dioxide
Chlorine
Fluorine
Ca/P
INDIAN TEETH.
93.84^
.101^
37.60^
17.74^
.904^
2.54^
.37^
.018^
2.12^
10:6.088r.6141
Dry
74.70/.
3.047^
28.13^3
13.83/,
.9788/,
3.907/,
nil
.05^ 6
2.033
Ash .574%
Ash
37.81/,
18.46/,
1.310/,
nil
nil
.066/,
2.048
Ca:P:COg Molar 
proportions 10:6.343:1.263 10:6.299:0
(75)
TABLE XVI.
INDIAN TEETH.
CALCULATED COMPOSITION OE ENAIvIEL
MgCOcr,
Percentage 
of
dry weight
.164
Ca GOg .783
Carbonate apatite 12.61
Chlorapatite 5.424
Fluorapatite .477
Hydr oxyapatite 72.33
CaHP04 4.406
^ Combined v>rater4
organic matter 2.8627
Calcium Phosphorus
oJq /
in enamel
.313
4.898
2.084
.1895
28.8195
1.296
2.277
.969
.0881
13.40
1.004
Total 102.056 37.600 17.738
Determined values 37.60 17.74
^ See Page 44
(76)
TABLE XVI. ContcL.
CALCULATED COMiUSITION OF DENTINE.
Dry Dentine Ashed Dentine
^ Combined wateri- 
organic
matter 20.407
Calcium Phosphorus 
in ashed dentine
Mg GO^ 3.246 MgO 2.184
CaGOg 4.800 GaO 3.598 = 2.576
Fluor­
apatite 1.315
Fluor­
apatite 1.761 = .6990 .325
Hydroxy
apatite 52.20
Hydroxy-
apatite 68.64 = 27.852 12.95
GaHPO^ 16.98 CaHP04 22.74 6.689 5.184
Total 99.178
Determined values
98.923 37.81 18.459
37.81 18.46
^ See Page 44.
(77)
to the values obtained for the gross class, 
containing a layer proportion of Ca HPO^ than 
the average. It is difficult to draw any 
conclusions from these results since the teeth 
used were molars and were of a much greater age 
than the premolars previously.considered. The
composition of the enamel however, leads to the 
belief that it is of good structure correspond­
ing to that of the least hypoplastic class of 
the premolars.
(78)
SUIPLARY:
A comparison is made between the 
composition of teeth of varying degrees of 
hypoplasia. It is concluded that there is 
a relationship between chemical composition 
and hypoplasia.
The results of analyses of teeth 
obtained from Indian subjects are given.
V.
VARIATIONS IN CHEMICAL COMPOSITION WITH
DISEASE WITH SPECIAL REFERENCE TO
MAGNESIUM.
(79)
The question of the'alteration in 
chemical composition with disease is of special 
interest with regard to the cause and prevention 
of caries.
The first work in this connection was 
carried out by Toveriod (1923) following the work 
of Mellanby on experimental rickets.
He made an investigation of the calcium, phosphorus 
and magnesium content of the visible portion of 
the teeth of guinea-pigs and rats, which had received 
a normal and a scorbutic or calcium poordiet.
He found no significant change in the calcium but 
in general the magnesium was greater in the teeth 
of the experimental animals. Later, working 
with Howe, he extended his investigations to the 
estimation of magnesium in the dentine of sound 
and carious human teeth. They concluded that 
the magnesium content rises and the calcium falls 
with the degree of imperfection of the tooth.
Logan also working with Howe, found less variation
(80)
in the magnesium content, the value rising from
1.33 in normal teeth to 1.64 in carious teeth.
He found that non-carious teeth of monkeys 
contained no magnesium, while the carious 
contained a little, as did also the non-carious 
teeth in an infected mouth. Ulrich in 1925, 
published a paper on the chemical analysis of 
teeth in caries and pyorrhoea. He carried 
out a large number of analyses on whole teeth 
and concluded that the calcium was decreased and 
the magnesium increased in caries and pyorrhoea. 
He observed that there was a smaller increase in 
the case of carious teeth and attributed it to 
the fact that generally a carious lesion is a 
local infection involving only one spot on the 
tooth whereas in pyorrhoea the entire tooth is 
affected.
•Kaushansky has extended this work and 
made analyses of whole teeth, and of crowns and 
roots separately.
TABLE XVII.
KAUSHANSKY 1928.
(81)
%ole teeth
Sound teeth 
Carious " 
Pyorrhetic ”
Sound teeth 
Carious ” 
Pyorrhetic ”
Sound teeth 
Carious ” 
Pyorrhetic "
Ca /, P f C'a/P
28.46 14.32 1.98 .60
27.66 15.18 1.82 .67
27.84 14.62 1.9 .96
Crowns
31.55 15.65 2.01 .50
29.74 16.21 1.83 .62
30.28 16.03 1.88 .68
Roots
25.37 13.00 1.95 .71
25.59 14.14 1.80 .71
25.41 13.21 1.92 1.25
(82)
His results (Table XVII) indicate that the 
calcium content is less and the phosphorus 
and magnesium content greater in carious and 
pyorrhetic teeth than in the normal, the 
differences being most marked in the case of 
the pyorrhetic teeth. The increase in the 
carious teeth is confined solely to the crov/n, 
but in the case of the pyorrhetic teeth there 
is also an increase in the root. This upholds 
Ulriches view that in pyorrhoea the whole tooth 
is affected, while in caries the effect is more 
localised. Kaushansky also made a fev/ analyses 
of third molar teeth which are often attacked 
by caries and found that they had a high magne­
sium content. These determinations were for 
the most part made on whole teeth or crowns con­
taining a varying proportion of enamel and den­
tine and as such are difficult to correlate.
They serve hov/ever, to indicate that changes in 
the inorganic constituents can occur under differ-
(83)
ent conditions. The most marked point 
brought out by this work is the increase of 
magnesium in carious and pyorrhetic teeth 
(Table XVIII). This increase v/as probably 
first noticed by Gassmann who propounded his 
theory of caries to which reference has al­
ready been made. '-
Previous work reported in this Thesis 
tends to show that it is possible to trace 
a connection between the chemical composition 
and the degree of hypoplasia and so indirectly 
with the susceptibility to dental caries.
Further analyses have been made on the non- 
carious part of carious premolars obtained 
from the same source as those used in the earlier 
part of this work. It was only possible to use 
teeth in which the caries was restricted. For 
this reason the teeth selected were often those 
showing fairly good structure in the non-carious 
part and v/ould have been classed as Hy+ or Hy + *f .
TABLE XVIII.
VALUES FOR MAGNESIUM.
(84)
Normal Carious Pyorrhetic
Gassmami
1921.
H owe
1923.
Ulrich
1925
Toverud & 
Ilov/e 1925
Howe & 
Logan 
1928
Kaushansky
19^2
Human l%ole 
teeth
Whole Teeth
Crown - no 
enamel
Whole 
” teeth 
(Ash)
Whole
teeth
Crowns
Roots
Increased
Whole Teeth .52.-.75 .83 - 1.88
.69
1.33
. 6
.50
.71
Increased
1.154
1.64
.67
.62
.71
Further
Increase
.96
.68
1.25
(85)
TABLE XIX.
E N A M E L . 
percentage of Dry Weight.
Hy Class. Carious. Pyorrhetic.
Ash 95.38 95.39 93.76
Nitrogen .156 .15? .165
Calcium 37.07 37.2? 36.26
Magnesium .4-64 .37 .355
Phosphorus 17.22 17.52 17.81
Carbon dioxide 1.952 2.358 2.131
Chlorine .30 .32 .32
Carbon Dioxide
/ Ash .54 .381 * 2 51
Ga/P 2.153 2.127 2.036
(86)
TABLK XIX. ContcL.
D E N T I N E .
Percentage of Dry Weight. Percentage of Ash.
Hy Car- Pyorr- Hy Car- Pyorr-
Class. ions, hetic. Class.long, hetic.
Ash 71.09 72.46 73.97
Nitrogen 3.43 3.221 2.961
Calcinm 27.79 27.98 27.71 39.83 38.89 38.99
Magnesium .835 1.26 .934 1.175 1.739 1.263
Phosphor­
us 13.81 13.87 14.09 19.04 19.00 18'62
Carbon
dioxide 3.176 3.194 3.406 nil nil nil
Chlorine nil .04 .025 nil .055 .034
Ca/P 2.012 2.018 1.971 2.091 2.043 2.095
(87)
It was possible in this way to make a true 
comparison between the carious and sound 
teeth. Consideration of the analyses shows 
there is little difference in the composition 
of the teeth except v/ith regard to the mag­
nesium, which is greatly increased in the 
dentine of the carious teeth, though not in 
the enamel.
Analyses of teeth extracted for 
pyorrhoea vœre also made (Table XI X  ). Here 
again premolars were used but the teeth were 
extracted from adults aged between 40-45 years. 
Apart from the slightly increased magnesium 
content of the dentine there is little to remark 
in the results. This is not in agreement with 
previous workers but has been confirmed by 
estimations on three separate samples. The 
magnesium content of the roots of the pyorrhoea 
teeth was also determined. A mean value of 
1.384/ dry weight or 1.963/ ash was obtained 
as the result of two separate analyses of Sgirn'jples
TfvG.
( 88 )
value obtained for normal roots v/as .923/ dry 
weight or 1.328/ ash. These values are 
slightly higher than those obtained by 
Kaushansky, but the increase in the pyorrhetic 
teeth is of the same order. It would appear 
that the increase of magnesium in pyorrhetic 
teeth is confined mainly to the root.
The nitrogen value for the dentine of 
the pyorrhetic teeth is low; this is in keep­
ing with the age of the teeth.
The increased magnesium content is in­
teresting in connection with the fact that this 
element is now known to be important with regard 
to the activity of phosphatases. Jenner and 
Kay/ have shovn that small traces definitely 
acclerate phosphatase activity. Robison (1930), 
on the other hand finds that magnesium definitely 
inhibits calcification in vitro, but that the 
addition of more phosphorus tends to mitigate this 
inhibition. Other workers have shown that
(89)
increased magnesium intake tends to cause 
decreased calcium in the hones and McCollum 
et al report an increased rate of calcifi­
cation in the hones of young animals on a 
low magnesium diet.
It is difficult to correlate all these 
facts v/ith the increased magnesium content in 
caries and pyorrhoea. Consideration of the 
values for magnesium obtained in the various 
classes shows that there is no marked altera­
tion v/ith hypoplasia, which seems to indicate 
that the increase of magnesium in the teeth is 
a result rather than a cause of caries and 
pyorrhoea, especially as the increase is only 
observable in the dentine. In caries it is 
known that a layer of secondary dentine (Mellanby( 
or calcific scar tissue (Fish) is formed in 
response to a lesion on the external surface and 
probably magnesium is mobilised along with calcium 
to aid in its information.
(90)
During the course of this work it 
v/as observed that the Ga/P ratio of rats 
incisors was remarkably low (1.7 - 1.9), and 
it was not surprising to find that the mag­
nesium content of the teeth was relatively 
high. Because in the past much emphasis has 
been placed on the value of the Ca/P ratio it 
W8.S thought wise to determine the magnesium 
content of the teeth of certain animals parti­
cularly those used in feeding experiments etc., 
The results are given in Table XX.
It is interesting to note that in all 
cases investigated the magnesium content is 
greater than that of human dentine. It seems 
that the rodents, e.g. rabbit and rat, have a 
much larger magnesium content in their inoisor 
teeth than in their molar teeth. The guinea 
pig seems to be an exception to this rule. The 
low value obtained was a source of some surprise 
at first, but on reference it was found that
(91)
TABLE XX.
Rabbit
TT
Hare
Guinea-pig 
Rat (12 weeks) 
" (15 " )
" (15 )
” ( 1 year )
Percentage of Megnesium in Ash.
Incisors
2.467
2.656
2.304
1.745
2.243
2.545
2.363
1.741
Molars
1.450
1.599
1.788
1.932
Horse - Dentine
Dog
Normal Human
tl TÎ
Carious
Pyorrhetic
Roots
Dentine
II
Roots
1.855
1.545
1.175
1.328
1.739
1.263
1.963
(92)
Toverud (1923) obtained a similar value 
(174/) for the average magnesium content of 
the incisor teeth of normal guinea-pigs.
The dentine of the horse and dog contain 
amounts of magnesium of the same order as 
the molar teeth of rodents.
It seems probable that the large 
magnesium content of the incisor teeth of 
rodents is due to the fact that these teeth 
are continually growing and being worn down.
(93)
SUMMARY:
Previous work on the composition 
of carious and pyorrhetic teeth is outlined. 
Analyses of carious and pyorrhetic teeth are 
given and discussed.
The magnesium contents of the teeth of various 
mammals are tabulated.
VI.
ESTIMATION OF FLUORINE.
THE FLUORINE CONTENT OF TEETH Ai;D
BONES OF RATS UNDER VARIOUS
EXPERIICENTAL CONDITIONS,
AN INVESTIGATION OF THE FLUORINE
CONTENT OF HUMAN TEETH, WATER etc
FROM A MOTTLED TOOTH AREA.
(1)
INTRODUCTION.
Consideration of the evidence already put 
forward shows that at a comparatively early date 
it was generally agreed that the main constituent 
of teeth and hones was some form of apatite.
The fact that geologically fluorapatite is the 
most common form, and is knovm to occur in fossil 
hones no douht led to the search for fluorine in 
these tissues. Although investigations have heen 
carried out hy many workers, there does not appear 
to he any generally accepted idea as to whether 
fluorapatite does represent an essential consti­
tuent of teeth.
Since the introduction of the gravimetric 
method of estimation of fluorine as calcium 
fluoride hy Berzelius, values varying from nil 
to five parts per hundred have heen obtained hy 
different inveÈkigators using a variety of methods. 
A list of their results is given in a paper hy 
Trehitsch. From this Tahle it can he seen that
(2)
the majority of workers put the fluorine content 
of teeth and hones at less than l<fo.
Theoretically, fluorapatite contains 3.77^ of 
fluorine and hence fluorapatite can not form one 
of the main constituents of teeth.
The interest in the fluorine content of 
teeth does not cease here however. The occur­
rence of mottled human teeth in various areas of 
the Unites States, Italy, China and other coun­
tries, has heen observed for some time. This 
mottling takes the form of white patches on the 
teeth, chiefly on the incisors, which in many 
cases eventually turn hrown. Extensive investi­
gations have heen carried out in America hy M#.y, 
originating in the work of McKay and Black (1916), 
and reported in numerous publications of McKay and 
co-workers in dental literature, which have defin­
itely led to the association of fluorine in the 
drinjcing water v/ith the occurrence of mottled teeth. 
This has heen confirmed hy Churchill, Elvove, Smith
(3)
TABLE XXI.
Investigator. Year. Fluorine Method. Material.
Berzelius 1807 1 Gravimetric Human teeth
Heintz 1849 1 If Tf bone
Hoppe-Seyler 1862 Trace Glass etching TT teeth
Zaleski 1866 0.229 II TT TT TT
Hiller 1885 5-8"^ Calculated
difference
Goose bones
Weiske 
Brandi &
1889 5 TT TT Fowl Tf
Tappeiner 1891
Carnot 1892
Gabriel 1892
Wrampelmeyer 1893
KUhns 1895
Michel 1897
Bertz 1898
Hempel & 1898
Scheffler
Harms 1899
Jodlbauer 1903
Gassmann 1908
Renner 1912
Sonntag 1915
Gassmann 1926
Trace
o.i*
Distillation 
Si F4
ir iT
0.05 Glass etching
0.65-
1:55
0.04
0.56-
0.69
1.171
0.665
0 .33t.
0.55
0.19
.006
0.26-
0.35^
0
0.07-
0.12f
0.05-.
0.15
0
Distillation 
Si Fa
tl IT TT
Tf Tf TT
TT TT TT
TT TT TT
Gas volume
TT TT
Distillation
Si
Gas volume 
Etching 
Gas volume 
Etching
Human ”
Elephant teeth
Human teeth
Hon-carious Human
teeth
TT IT TT TT
" " Crovms of
Human teeth 
Human enamel
” dentine 
Carious Human teeth
TT TT TT
Human teeth
Dogs teeth 
Human teeth
^ % of Ash.
(4)
and Lantz and numerous other workers and it is 
now generally recognised that the occurrence 
of fluorine in drinking v/ater to the extent of 
more than about tvfo parts per million is suffi­
cient to lead to the occurrence of mottled teeth.
In this country an investigation of the 
permanent teeth of the children of Maldon in 
Essex, by Ainsworth, revealed the fact that 
DIOttied teeth are endemic there. On Analysis 
the Maldon water was found to contain from 4.5 to 
5.5 parts of fluorine per million.
According to McKay the fluorine is only 
effective during the period of development of the 
teeth and mottling rarely, if ever, occurs in the 
temporary teeth of humans. Recently H.V. and 
M.C.Smith have reported the occurrence of mottled 
deciduous teeth in an area where the drinking' water 
contains 12 to 16 parts of fluorine per million. 
They consider the previous failure to observe 
mottling in the teeth to be due to insufficient
(5)
concentration of fluorine in the water.
The harmful effect of feeding rock 
phosphate to various animals as a source of 
calcium and phosphorus, has also been related 
to its fluorine content by Tolle and Maynard, 
Taylor, Velu, Bethke and others. Gautier and 
Christiani have observed bone changes resem­
bling osteomalacia in animals living on vegeta­
tion in the neighbourhood of chemical works v/hich 
liberate fluorine or certain of its compounds 
into the atmosphere.
The effect of feeding fluorine in various 
forms but chiefly as sodium fluoride to animals 
has been observed by several early investigators. 
One of the first of these was Sonntag (1916) who 
found that the fluorine content of teeth and 
bones was increased from to 1.73^ by the
addition of sodium fluoride to the diet.
McCollum et al (1925) again revived the interest 
with regard to the relation of fluorine to tooth
( 6)
structure and in the paper reporting his 
results a review is given of the previous 
work carried out on this subject. McCollum 
made no chemical analyses but observed dis­
tinctive changes in the incisor teeth of • 
rats on a diet containing sodium fluoride. 
Whereas the normal teeth showed orange yellow 
pigmentation, those of the experimental rats 
were dull white and showed mottling. He also 
observed that the upper incisors were increased 
in length v/hile the lower showed a decrease. 
These results have since been confirmed by all 
subsequent workers. McClure and Mitchell have 
carried out investigations on the effect of 
fluorine on the calcium metabolism of rats.
They give a review of the literature published 
on this subject and suggest that the action of 
the fluorine is to disturb the enzyme systems 
present in bones and teeth. These workers also 
made analyses of the bones and teeth of rats
(7)
after 80 or 90 days on the fluoride diet. 
They found an increase in the ash content 
and a decrease in the calcium content of 
the ash. They therefore concluded that 
there was a deposit of some non-calcium 
compound in the teeth. Smith and Lantz 
concentrated water from St.Davids, an area 
where mottled teeth occur, to one tenth its 
volume and fed it to young rats. The 
effect on the teeth was similar to that pro­
duced by the addition of sodium fluoride to 
the diet, thus showing conclusively that the 
bleaching of rats teeth and the mottling in 
human teeth are related to the same cause.
In a later paper these vmrkers report the 
analyses carried out on the teeth and bones 
of rats on a fluoride diet. They found a 
decrease in the ash of about 2fo and an in­
crease in the calcium of the ash, a result 
opposed to that of McClure and Mitchell.
(8)
This means there must be a decrease of 
total mineral but a relative increase of 
calciuiQ. They made no attempt to estimate 
the fluorine.
Of other workers who have made chem­
ical analyses, some report an increase in the 
ash content and others a decrease. Bethke,
Kick and Edgington have found no change in 
the percentage of ash, calcium or phosphorus, 
but a decrease in the carbonate and increase 
in the magnesium and fluorine content of 
bone, while in the case of teeth there vias 
only an increase in the fluorine.
It will be noted that few, if any, of 
these workers have made an estimation of the 
fluorine content of the teeth. Among the few 
who have made an attempt are Sonntag, Trebitsch, 
Bethke, Gautier and Çiausmam, who all report 
an increased fluorine content of bones and teeth 
of animals given sodium fluoride. Boisevain and
( 9)
Drea have carried out spectroscopic analysis 
of human bones and teeth from various areas 
in the United States. They found .056^ and 
.112^ respectively in enamel and dentine in 
a fluorine area and nil and .068^ in a 
fluorine free area.
The fact that so few estimations have 
been made and that these are not entirely in 
agreement is no doubt due to the fact that the 
estimations of fluorine in such small quantities 
and/rxthe presence of other inorganic substances 
is a difficult and tedious procedure. It was 
therefore considered desirable to find a method 
for the estimation of fluorine in small traces 
which could be adapted to the analysis of teetji, 
and having found this, to apply it to the deter­
mination of the fluorine content of normal and 
mottled human teeth and the bones and teeth of 
rats under various experimental conditions. The 
object of these experiments was to determine
(10)
whether the ingested fluorine had a direct 
effect on the composition of hones and 
teeth, or v/hether the alterations in tooth 
structure were due to an indirect effect 
of the fluorine on the calcium and phosphor­
us metabolism,
EXPERIMENTAL.
The determination of fluorine in a 
substance such as tooth ash, where large 
amounts of calcium and phosphorus are present 
is a matter of some difficulty. Irobably 
conversion of the fluorides to hydrofluoric 
acid or silicon tetrafluoride is the best 
method theoretically, but this was practically 
impossible as the necessary platinum apparatus 
was not available. Gassmann, using this method 
found no fluorine in bones and teeth, but Gautier 
and Clausmann found .12^ and .15^ in bones and 
teeth respectively. Mayrhofer, Schneider and
(11)
V/asitsky estimated fluorine indirectly 
by volatisation as silicon tetrafluoride 
and determination of the silicon in the 
distillate. This procedure is open to 
criticism since no particular precautions 
were taken with regard to vessels and 
hence silicon from these might have passed 
into the distillate. Other methods which 
have been employed in more recent investi­
gations include the gravimetric method of 
Meyer and Shulz. This method was used by 
Trebitsch (1927) who obtained values lying 
between .29 and .59^ fluorine in dried tooth 
crowns. This method was also used earlier 
in this irvestigation, but was found to be 
unsatisfactory as the results were always too 
high.
The pertitanate method of Mervin 
appears to be more reliable than the lanthanum 
method, but it is not very sensitive and hence
(12)
is not suitable when only small quantities 
of material can be obtained. This method 
was used by Barrie and Murray earlier in 
this investigation, results from 0-4^  ^being 
obtained, the majority being ,01^ 6 (unpublished). 
McCollum and Sharpiess used a modification of 
this method in an investigation to ascertain 
whether fluorine is an indispensible element 
of the diet and obtained results shovring that 
there was less than .04-: fluorine in bones of 
rats on an ordinary diet and .001^ 6 to .0046^ 6 
in bones of rats fed on a fluorine free diet.
Estimations of fluorine in sea water 
and in drinking water of districts where 
mottled teeth occur have been made recently 
by Thompson and Taylor and Elvove. The method 
was originally introduced by de Boer and later 
used and modified by Casares and Casares. It 
depends on the fact that zirconium salts, notably 
the nitrate and the oxychloride, react with
(13)
sodium alizarin sulphonate to form a reddish 
lake which is stable in acid solution.
De Boer has shown that a number of other 
metallic salts also form a similar lake, but 
that only those of zirconium and hafnium are 
stable in the presence ofhydrochloric acid.
This coloured lake is slowly bleached by 
fluorides, the pale yellow colour of the aliz­
arin sulphonate reappearing, the bleaching 
being proportional to the concentration of 
the fluoride. In the earlier determinations 
the Thompson and Taylor method for making the 
lake was used, but subsequently the directions 
of Elvove were follov/ed.
The estimation of fluorine in teeth by 
this method was complicated by the presence of 
other substances v/hich tend to cause precipita­
tion of the lalce. Thompson and Taylor in their 
report of the estimation of fluorine in sea water- 
state that chloride and sulphate ions have a
(14)
bleaching action on the lake, but that 
phosphate ions do not interfere. It 
was found, however, that the concentra­
tion of phosphate present in the tooth 
solutions caused definite precipitation 
of the lelce. Samples of sea water also 
showed precipitation after eighteen hours. 
Various methods of removing the interfering 
substances were tried. Firstly, the pre­
cipitation of phosphate was carried out with 
calcium chloride and ammonia. This gave a 
result of .09^ fluorine. The procedure was 
checked on a specimen of fluorapatite and a 
value of 4 .73y6 fluorine obtained, which was 
known to be too high. The estimation was 
repeated, greater care being taken to eva­
porate off the ammonia and the result, was 
nearer the correct value although there v/as 
still a tendency to precipitation. An 
attempt was next made to precipitate the
(15)
interfering substance by means of excess 
zirconium nitrate, but although this removed 
the source of precipitation of the lake, the 
excess of the zirconium salt decreased the 
sensitivity of the method to a great extent. 
Finally, the precipitation was carried out 
with silver nitrate, and the excess silver 
removed by the addition of sodium chloride,
This method was found to be entirely satis­
factory as regards removal of the interfering 
substances. In many of these preliminaries 
a known mixtur-e of calcium phosphate and 
ca,lcium fluoride was employed in place of the 
enamel, and the results obtained were satisfac­
tory. In all cases the chlorine content of 
the unknown solutions were determined and the 
chlorinity of the standard fluoride solutions 
adjusted. In later experiments the nitrate 
concentration was also adjusted. In all these 
methods, the resulting phosphate free filtrate
(16)
was brought to a known volume. In general 
about 1.5 grms enamel were used and the 
filtrate made to 200 cc. An aliquot part 
of this solution was taken and to it added 
2 CO. of 6 N hydrochloric acid and 2 cc. of 
the zirconium alizarin lake made as directed 
by Thompson and Taylor (.87^ zirconium nitrate 
and .17^ sodium alizarin sulphonate, mixed 
and 15 cc. of this solution diluted to 60 cc). 
The solution was then brought to the boil and 
left to stand for several hours. At the same 
time solutions containing different standard 
amounts of sodium fluoride and having the same 
chlorinity, were treated in a similar manner.
In all cases the comparisons were carried out 
directly rather than with a colorimeter as a 
change of tint as well as intensity takes place.
The values obtained for the fluorine 
content of human enamel by these procedures are 
given in Table XXII.
TABLE XXII.
(17)
Method of pption:
(1) Calcium chloride & ammonia
(2 ) ” ” evaporated
off
(3) Silver nitrate & sodium chloride
chlorinity adjusted
(4) Silver nitrate & sodium chloride
adjusted for nitrate & 
chloride concentration
K3 Fluorine 
.093 
.06
.07
.02
(18)
It was realised throughout these determin­
ations that the tooth solutions might contain 
small traces of substances capable of affect­
ing the colour- of the lake. This v/as borne 
out by the fact that the unlcnown solution 
appeared to have a slightly greater intensity 
of colour than that of the standard of the 
same tint. It was therefore thought necessary 
to prepare a blanJc solution by taking one 
sample of enamel and driving off the fluorine 
from it. It was found to be impossible to do 
this with hydrochloric acid so sulphuric acid had 
to be used.
As this experiment was a crucial one a 
detailed account of it will be given to show the 
general method applied in each case.
Tv/o portions of 1.1684 grms. ashed enamel 
were fused with 6 grms. of sodium carbonate and 
the fused mass extracted thoroughly with successive 
quantities of hot water and filtered. One sample,
(19)
(B) the blank, was evaporated to dryness 
and heated with concentrated snlphujric acid 
to drive off all the fluorine as hydrofluoric 
acid. The residue was extracted with v/ater 
and anhydrous sodium carbonate added to neutral­
ise the sulphuric acid. This solution and the 
unloiov^ n (A) were evaporated to approximately 
100 cc. and treated as follows : - 60 cc. of a
strong solution of silver nitrate (50 grams in 
100 cc.) v/ere added and the precipitate filtered 
off and washed in the dark. The excess silver 
was removed by the addition of 10 ;^ sodium 
chloride solution and the resulting filtrates 
evaporated and made up to 250 cc. The chlor­
inity of these solutions v/as determined in 
aliquot portions by titration with standard 
silver nitrate. Since sulphate ions also 
interfere with the determination, the sulphate 
content of (B ) was determined by the benzidene 
method and 100 cc. of the solution precipitated
(20)
by means of a calculated amount of barium 
nitrate. After filtration and concentra­
tion to 100 cc. the solution was tested for 
sulphate and barium, a slight trace of the 
former was found to be present, so a small 
amount of a sodium sulphate solution was 
added to the fluoride standards and to (A) 
to equalise the sulphate concentration 
throughout. 25 cc. portions of (A) and (S) 
were taken and the chlorine, nitrate and 
sulphate ion concentrations adjusted by the 
addition of sodium nitrate, sodium chloride 
and sodium sulphate solutions, so that they 
contained equal amounts of their different 
constituents with the exceptionqffluorine.
To these solutions were added 2 cc. of 6 N 
hydrochloric acid and 2 cc. of the zirconium 
alizarin complex. The solutions were brought 
to the boil and left for several hours. At 
the same time standard fluoride solutions of
(21)
the same salt concentration, hut containing 
varying amounts of the sodium fluoride 
standard v/ere treated in a similar manner.
All the volumes v/ere made equal and the 
solutions matched in nessler tubes. The 
fluorine content of the unlaiov/n v/as first 
determined by matching (A) against the 
fluoride standards. It v/as found that 2 cc. 
standard sodium fluoride (1 cc. = .01 mg.fluorine) 
gave slightly less bleaching than the unknown, 
v/hile a 3 cc. standard showed definitely more 
bleaching.
Hence 25cc. A = .025 mg. fluorine
250 = .25 " "
fo Fluorine - 100 X ,25
. .0214^ 6
1168.4
The unknown A v/as definitely bleached compared v/ith 
the blank (B). Another comparison was made by 
adding standard sodium fluoride to the latter.
When 2 cc. were added there was too little
(22)
bleaching and when 3 cc, v/ere added too much 
bleaching, as compared with the unknovm.
Hence this procedure gave the same result as 
fiirect comparison.
This method although satisfactory as 
regards results, was long and tediois to carry 
out and later in the investigation was replaced 
by a modification of the method of Willard and 
Winter. This involves volatisation of the 
fluorine as hydrofluosilicic acid by treatment 
with perchloric acid in the presence of glass 
beads, followed by estimation of the fluorine 
in the distillate by titration with thorium 
nitrate, using zirconium alizarinate as an 
indicator. Since the amount of fluorine occurr­
ing in the tooth material was so small it was not 
possible to use the thorium nitrate titration for 
the estimation of the fluorine in the distillate 
so this was replaced by the zirconium alizarin 
colorimetric method. Preliminary trials on a
Distillation Apparatus for 
Estimation of Fluorine.
(23)
known calcium phosphate-sodium fluoride mix­
ture were not at first satisfactory v/ith regard 
to the volatilisation, hut finally the apparatus 
was improved, so that a quantitative recovery 
was possible v/ith an error of ± 4fo. The final 
procedure was as follows. The distillation was 
carried out in the apparatus shovm in the diagram. 
About o2 gm. of tooth pov/der v/as weighed out into 
the flask and 7,5 cc. of 40ÿC perchloric acid and 
some glass beads added. The flask was heated 
until the temperature reached 110*^, water was 
then added slowly from the burette to keep the
mixture boiling at this temperature. When about 
50 cc. of distillate had been collected, the tem­
perature was allowed to rise to 135^, to drive off 
the last trace of fluorine. The distillate was 
allowed to stand overnight in an open vessel and
then made up to 100 cc. The fluorine in this 
solution was then estimated by the zirconium 
alizarin method. It was found that the method
(24)
used by Elvove was more satisfactory than that
of Thompson and Taylor previously employed.
A suitable aliquot portion of the solution was
taken and 5 cc. N hydrochloric acid and 2 cc.
of 1 in 4 dilution of the zirconium alizarin
complex, made according to the directions of 
Elvove, added. The whole was made up to 50 cc,
and after standing overnight compared v/ith sodium 
fluoride standards v/hich had been treated in the 
same manner. A blank distillation of the per­
chloric acid was made and a correction value ob­
tained which was subtracted from all the results.
The fluorine in samples of human enamel and dentine 
was estimated in this way. The values obtained 
were #025ÿL for enamel, and .0.246^  for dentine, 
v/hich agrees approximately with those determined 
by the first method. This latter method was 
adopted for the subsequent determinations owing to 
the greater ease and rapidity with which it could be 
carried out.
(25)
Having fonncl a satisfactory method 
for the estimation of fluorine in teeth, 
attention was tui'ned to the effects of 
feeding sodium fluoride to young rats.
In a preliminary experiment two groups 
of twentysix rats were fed on the same diet with 
the exception of the addition of a small measured 
quantity of sodium fluoride to one group. The 
diet was made up as follows : -
2600 grams 
600 
060 
200 
20 
20 
1
Maize (whole ground) 
Mliea/b " "
Casein (light white) 
Yeast (dry)
Sodium chloride 
Calcium carbonate 
Potassium iodide.
The rats were given from 8-15 grams per day accord 
ing to the age. The sodium fluoride added was 
given in solution, mixed v/ith the diet, the same 
number of cubic centimetres of a .05y3 solution
(26)
being given as there were grams of diet.
To ensure the diet being adequate in every 
way, meat, liver, cabbage, cod liver oil and 
dried milk powder were added once a week.
The rats were put on this diet when 6 weeks 
old, kept on it for a further 6 weeks and 
then killed. The femurs and teeth were 
removed and in the case of the rats on the 
fluoride diets, the blood was collected and 
defibrinated.
Analyses of the bones, teeth and blood were
made as follows
BLOOD.
Estimations of the fluorine content of 
the blood of the normal and experimental rats 
were made to determine whether there was an 
increase in the latter case. An attempt was 
first made by the precipitation method. The 
proteins of the blood were precipitated with 
zinc chloride and sodium hydroxide and the 
fluorine in the filtrate estimated as before.
(27)
Defibrinated slaughter house blood was 
treater^ in the same way to act as a basis 
for the standards, so that the salt con­
centration of the unknown and standards 
should be the same. There was no differ­
ence in colour betvfeen the blanks and the 
two unknowns indicating that there v>/as no 
fluorine present in the blood of either 
the controls of the experimental rats.
It was thought possible that any fluorine 
originally present, might have been carried 
down in the precipitation of the proteins, 
but trial wûth a known solution of sodinm 
fluoride showed that even if some were lost 
in this process the fluorine content of the 
blood must be less than 1 mg. per 100 cc. 
i.e. less than .COlfo. With the introduction 
of the Willard and Winter method it was hoped 
that more conclusive results might be obtained. 
A weighed amount of blood was ashed at a low
(28)
heat and the fluorine in the ash estimated 
by this method. Values varying from nil 
to .OOOdyv were obtained, there being no 
significant difference between the blood of 
the controls and the fluorine fed rats.
With such small amounts of fluorine the 
difficulties of estimation and the correc­
tions involved made it impossible to obtain 
anything other than approximate values, but 
it may be concluded that the fluorine content 
is not more than .0004^, and probably more 
of the order of .00005^ .^ It is of interest 
in this connection to note that Robison has 
shown that fluorine in concentrations greater 
than .0001 M. Hal' (i.e. .00019^&E) completely 
inhibits calcification in vitro. The changes 
in tooth structure induced by fluorine are not 
so extensive as to suggest any very severe inhibition 
of calcification and therefore one would not 
expect the fluorine content of blood to exceed
(29)
this amount.
It was noticed that the coagulation 
time for the blood of the fluorine fed rats 
was very slightly increased. The coagulation 
time for rats blood however is so rapid that 
any alteration in it are difficult to measure. 
Fluorides are known to retard coagulation and 
hence the decrease may be due to very small 
traces of this element in the blood.
BONES.
One femur was taken from each rat and 
prepared as follows. The bone was first cleaned 
of flesh by boiling with water and digested with 
pancreatic juice. It was then extracted with 
ether in a Soxhlet apparatus and finally ashed 
in a furnace at about 500^0. The calcium, phos­
phorus and magnesium in the ash were estimated 
by the methods of Kramer, Robison and Greenberg 
and Mackey respectively. The results of these 
analyses are given in Table XXIII.
(30)
TEETH.
The difference in the appearance 
of the incisor teeth of the two groups 
was very striking.. Those of the normal 
animals showed a deep orange pigmentation 
and had a translucent appearance, while 
those of the animals on the fluoride diet 
had a much whiter and less translucent 
appearance.(Photographs). This was in
agreement with the observations of other 
workers, but no increase in the growth of 
the upper incisors such as reported by 
McCollum and Pachaly was observed. This 
was probably due to the fact that the dose 
of sodium fluoride and the period over 
which it was administered was leas than 
that of these workers. On prolonging 
the latter the characteristic increase in 
length v/as observed.
Figure I
\ \y /
)))))
NORMAL TEETH.
The pigmented enamel can be seen as 
a dark shade on the upper two thirds 
of the teeth. The enamel eYerywhere 
has a smooth even surface.
(Compare with Figures II and III. )
Figure II.
})}
{ ( (
Teeth of rats given sodium fluoride 
in their diet for six weeks. 
Pigmented enamel very deficient. 
Enamel surface everywhere rough 
and uneven.
(31)
On heating to red heat in a platinum 
crucible the difference in the appearance of 
the teeth became still more apparent. The 
outer enamel surface of the normal teeth took 
on a reddish brown colour v/ith a distinct 
lustre, the rest of the tooth being dull white. 
In the experimental rats this enamel layer was 
less thick and had a yellowish tinge without 
any lustre. (Specimens). In all cases the 
difference was more marked in the lower than 
in the upper incisors. In a few cases the 
lower incisors of the rats on the fluoride 
diet showed darker markings running across the 
teeth, but this was by no means general.
This pigment layer of the normal rats must 
therefore be inorganic and is probably con­
verted into a metallic oxide on heating. 
Specimens of the pigment layer of both normal 
and fluorine fed rats were collected and given 
to a collaborator in this work for spectroscopic
(32)
examination. From the results obtained 
the pigment appears to contain iron since 
the pigment layer of the normal teeth 
contained more iron than the fluorine 
fed rats teeth. Rats fed on anaemia pro­
ducing diets also failed to develop the 
usual pigment. Specimens of calcium
phosphate moistened with a small amount 
of ferrous sulphate and heated strpnglüLy 
gave a similar pigmentation.
Estimations of calcium, phos­
phorus and magnesium were made on the ashed 
teeth, the results being given in Table XKIH.
The fluorine estimation was carried 
out by the method of Willard and Winter 
except that the thorium nitrate titration 
was replaced by the colorimetric method.
It was found that the percentage of fluor 
ine in the teeth of the fluorine fed rats
(33)
was nearly six times that of the normal, 
the values being . 17^ u and .02 respectively. 
This showed that the difference in the 
appearance of the teeth must in part be 
due to the deposition of fluorine compounds.
The value for the fluorine content of the 
teeth of the experimental rats was verified 
by the Merwin pertitanate method which gave 
approximately the same value. The greater 
sensitivity of the zirconium method in com­
parison with the pertitanate method is shorn 
by the fact that while 20 cc. of the unknown 
solution were needed for the latter, only 5 cc.
were needed for the former.
Further groups of rats were kept on
the fluoride diet for five months and seven 
months after weaning and analyses of their 
bones and teeth made. The greater number of 
rats given sodium fluoride for seven months 
showed deformity of both upper and lower
(34)
incisors (Photographs), In most cases 
the upper incisors were greatly increased 
in length and showed a tendency to curl 
upwards and outv/ard. In one case this 
curvature was so great that the tooth 
penetrated the upper lip of the rat.
The lower incisors were in general broken 
owing to coming in contact with the upper 
teeth, but where this did not occur they 
appeared to be of normal length. Both 
upper and lovær incisors were characteris­
tically bleached and their surface was very 
rough.
Tuning to a consideration of the 
chemical analyses, the first point to ob­
serve is that the fluorine content of both 
teeth and bones of the rats given fluoride 
greatly exceeds that of the control rats. 
The amount of fluorine present in these, 
hovfever, is comparatively small and could
Figure III.
Teeth of rats given sodium fluoride in their 
diet for five months.
Note increased curvature of upper incisors & 
broken lower incisors.
(25j
Rat showing increase cl growth and 
onrvatnre of upper incisors.
The brittle nature of the lower 
incisors is indicated by the wearing 
down of these on tlie upper incisors. 
Note the patchy nature of the enamel 
and its absence in some areas.
Fig. V.
Side view of the same rat showing 
the great degree of curvature of the 
upper incisors.
Fig. VI.
Here the upper incisors have not 
separated with the result that the 
right upper incisor has occluded 
with the left lower incisor and 
these have been worn down. The 
left upper incisor shows the 
characteristic increase in length 
and curvature,
Fig. VII.
Both upper and lov/er incisors have 
occluded 'with the result that the 
teeth have been worn dovm.
The absence of enamel and the white 
appearance of the teeth is well shown
Figure IV Figure V.
Figure VI. Figure VII.
(36)
not in itself account entirely for the 
alterations in the appearance and struct­
ure , hence it must be concluded that 
fluorine also interferes with the correct 
laying down of these structures. The 
fluorine content appears to increase pro­
gressively up to a limit, with the length 
of time during which the fluorine is given.
The other inorganic constituents 
also appear to be affected by the ingested 
fluorine. In the teeth, the calcium is 
definitely increased at the expense of the 
magnesium, while in the bones the reverse 
is the case. Since the inorganic consti­
tuents are known to be subject to age 
variations, it is only possible to make a 
comparison between the first group of 
fluorine fed rats and the controls which 
were of exactly the same age.
The significance of the alteration in
(37)
TABLE ZXIII..
RATS aiYEN SODIWl ELUORIDE EOB VARYIHG TliffiS.
TEETH Time on Age 
diet killed
Percentage of Ash
Ca P Pp. Ca/P
Controls (1) 6 wks 12 wks 00.44 21.00 2.545 .00 1.570
(2) IT I 04.82 19.62 2.060 0 1.774
Fluorine
rats I IT 06.40 20.70 1.74 .17 1.756
IT IT 5 mths 6 mths 05.97 19.10 2.046 .01 1.88
IT TT 7 If 8 If 06.55 19.27 1.920 . 56 1.877
BONES
Controls 6 wks 12 wks 09.10 18.12 . 660 .01 2.154
Fluorine
rats If I 06.70 17.95 1.092 .109 2.049
IT IT 5 mths 5 mths 09.84 18.28 1.00 .60
2.179
IT IT 7 I a I 09.27 18.21 .975 .65 2.157
38^
the magnesium content is not understood
but it seems certain that the deposition
ofthis element is in some way affected by
the feeding of fluorine. According to
the majority of workers fluorine only has
an effect upon the teeth during the period
of development. In rats the incisors are
continually growing and being worn down,
and so fluorine given at any time during
the life of the rat will have an effect.
A cur-ious effect is produced when fluorine
is given to fully grown rats, for after
1-2 weeks the teeth lose their yellow colour
near the gums, and as time proceeds the whole
of the teeth become bleached, the lower teeth
being affected first. If fluorine is then
discontinued the reverse process takes place.
In a recent paper Smith and Smith describe
how they have produced bands of this type on 
rats teeth by giving fluorine for short inter-
(09)
mittant periods, and have subjected these 
teeth to histological examination.
The effect of fluorine on human 
teeth is rather different and not so marked 
or uniform. This is probably due to the 
fact that though the fluorine is ingested 
over a much longer period its concentration 
in drinking water is verylov/, 1.5 parts per 
million being effective. The most obvious 
effect is the appearance of vfhite opaque 
patches on the teeth, c h i e f l y  on the incisors, 
which in some cases become stained brown.
Although mottled teeth are of common occurr­
ence in the U.S.A, Italy, China, Holland and 
other countries, they are comparatively rare 
in England. The only place where they are 
knov/n to occur is at Maid on in Essex, where 
the water contains an effective amount of 
fluorine, A sample of the water of this district 
was analysed and found, to contain four parts of
09'VA
TABLE XXIV.
üa
1'
Ga/P
Mg
COg
Maldon Teeth
P-
Enamel
07.OlÿS 
17.24ÿb 
2.146^ 
.071y6 
2.047^ L 
. 001^ 
.002^
Dentine
28.40^6
10.58^
2.091
.907yù
3.798^b
2.867^ 6
.070^ ^
London Teeth of same 
degree of hypoplasia.
Ename1
06.85$1, 
IS.Ol^u 
2.046 
. 564f 
2.012^ 0 
.1558^ 
.025^ ,^
Dentine
27.84^ 6
14.04^
1.980
.882ÿj
0.080^6
0.247^ 6
.02696
(41)
normal rabbit. A group of rats were 
given Maidon water concentrated ten times 
in place of the solution of sodium fluoride 
used in the previous experiments. The 
teeth of these rats showed all the characteristic 
changes observed in those of rats fed on a 
sodium fluoride diet and the fluorine content 
of their bones and teeth was also increased.
The time taken for these changes to occur 
was longer, since the sodium fluoride con­
centration of the concentrated Maidon water 
was ten times weaker than that of the sodium 
fluoride solutions employed in the earlier 
experiments. Rats given .0C5fc<- sodium 
fluoride, i.e. of strength comparable to that 
of the concentrated Maidon water showed changes 
similar to those of the rats on Maldon water 
but the fluorine content of the teeth was not 
increased. Rats given neat Maldon water in 
the diet and to drink also showed similar changes
(42)
TABLE XXV.
BONES Ca
Percentage of Ash
£ M
Rats given Maldon water 
concentrated 10 times
09.71 18.01
Controls
Rats given unconcen­
trated Maldon water 
in diet & to drink
09.08 18.46
.761
.709
.568
Ca/P
.17 2.169
.025 2.100
.044
TEETH
Rats given Maldon water 
concentrated 10 times
06.07 19.62 2.060
Controls 06.20 19.68 2.243
Rats given unconcentra­
ted Maldon water in diet 
& to drink
Rats given .00596 NaF 
« to concentrated 
Maldon water - 1.949
.0876 1.854 
.02 1.840
2.064 .024
.018
(40)
(Table XXV) but again the fluorine content 
was not increased to any great extent.
The magnesium content of the teeth was 
decreased, but in the cases where calcium and 
phosphorus determinations were made there was 
found to be little alterations in these consti­
tuents.
Since the effect on the rats teeth 
was the same as sodium fluoride solutions it may 
be - definitely concluded that it is the fluorine 
in the Maldon water which causes the mottling. 
Although the fluorine content of the teeth is in 
general increased, this increase is not alone 
sufficient to be the cause of the mottling, 
and in some cases, i.e. rats given .OO596 NaF 
or unconcentrated Maldon water, the external 
changes were observed without any increase in 
the fluorine content being detectable. It 
must therefore be concluded that the fluorine 
has some fundamental effect on the laying down
(44)
of the teeth compounds. Fluorides are 
known to inhibit enz^ mie activity, and 
particularly to affect those processes 
like yeast fermentation and muscle meta­
bolism which involve phosphatases.
Fluorine may therefore affect the structure 
of the teeth through interference with the 
phosphatase activity. Robison has shown 
that fluorine in concentrations as small 
as .0001 ivl sodium fluoride completely inliibits 
calcification in vitro, and even .00001 M NaF 
was found to inliibit calcification in some 
solutions. lie finds that this concentration 
of sodium fluoride does not affect the rate of 
hydrolysis of B glycerophosphoric aster by bone 
phosphatase, and therefore concludes that the 
inhibitory effect of fluorine is due to inter­
ference in the deposition of the calcium salts. 
Magnesium discussed elsewhere, also effects 
phosphatase activity and inhibits calcification
in vitro, and it may be for this reason 
that alterations in magnesium content,in 
many cases run parallel with alterations 
in Fluorine content.
(4 5)
(46)
SUm-IARY.
The previous work carried out on the 
effects of fluorine on tooth structure is 
reviewed.
The different methods for the estimation 
of fluorine are reviewed and the method used 
in this investigation is described in detail.
The effect of fluorine on the structure 
and the composition of rats^ teeth is described.
Analyses of teeth, grass, water etc., 
from a mottled teeth area are given.
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